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This contribution provides our view on the joint operation of PUCCH repetition and semi-static PUCCH pattern in HARQ-ACK feedback enhancements of Rel-17 URLLC.
Discussion on PUCCH repetition and semi-static PUCCH cell switching
In the RAN1#109-e meeting [1], the following agreement was achieved for handling the relationship between semi-static PUCCH cell switching and PUCCH repetitions. In the current version of 38.213 v17.3.0 [2], the main text is captured but the “note” part is missed. The intention of the first bullet is that the gNB will avoid the conflict of PUCCH repetitions and the PUCCH cell switching pattern by scheduling/configuration, so that during all the slots of the PUCCH repetitions which are always carried on the PCell, the semi-static PUCCH cell pattern will not indicate the PUCCH cell to a PUCCH-sSCell.
	Agreement
For semi-static PUCCH cell switch and PUCCH repetitions: 
· Semi-static PUCCH cell switching is applicable only to PUCCH transmissions without repetitions. 
· Note: UE assumes there is no PUCCH scheduling on multiple slots mapped to PCell and PUCCH-sSCell. i.e., gNB need to schedule carefully so there is no such case where a  PUCCH repetition from PCell would be need to be transmitted in a slot indicated by the pattern for PUCCH transmission on PUCCH-sSCell (as for slot #X+3 in the example figure below)

· Conclusion: PUCCH repetitions are only applicable on Pcell, PScell, and PUCCH Scell.


Without capturing the “note” part, however, the main text of “The pattern is not applicable for a PUCCH transmission with repetitions” may have two interpretations: 
1) The PUCCH repetition can override the semi-static pattern (e.g., PUCCH repetition on PCell overrides the indication of sSCell by the semi-static pattern). This is clearly not the intention of the agreement.
2) UE does not expect the inconsistent indication of the semi-static pattern (e.g., on sSCell) and the PUCCH repetition (which is always on PCell).
In the last meeting [3], it was discussed to consider that the PUCCH repetition on PCell would override the sSCell indicated by the PUCCH cell pattern on the slots except for the 1st repetition, with the motivation to relieve the restriction of gNB scheduling/configuration of the PUCCH repetitions. The description of the solution as well as the figure are shown in below. 
	· Moderator Note / explanation: The red crossing out means the pattern is not applicable / neglected and the UE transmits the PUCCH on PCell – so the pattern would again only be applied from Slot X+3 (after the rep bundle) 
· For the first repetition, the gNB will still need to guarantee the PUCCH to be on PCell – therefore there is no ‘crossed out’ for slot #X, but starts only in the next slot
· The PUCCH cell pattern to be applicable applies to all the slots until the UE has transmitted the last PUCCH repetition (so also including the time that there would be some potential PUCCH repetition deferral based on 9.2.6 of 38.213). So for the case above, the pattern would only be applicable again from slot X+3
· The pattern not being applicable / neglected by the UE applies also for PUCCH transmissions without repetition when having an ongoing PUCCH repetition bundle and is applicable for scheduled PUCCH (through DCI) as well as for non-scheduled PUCCH. 
· This is to prevent that there would be PUCCHs on PCell (through the repetition) and any other PUCCH in overlapping slot on PUCCH-sSCell. 
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Figure 1 UE ignores the sSCell indicated by the PUCCH cell switching pattern for remaining PUCCH repetitions
For the 3rd bullet, in particular, when the UE would transmit a scheduled/configured PUCCH without repetition on the sSCell according to the PUCCH cell pattern, and if there is an ongoing PUCCH repetition on the same PCell slot, the pattern is also ignored, i.e., the scheduled/configured PUCCH without repetition is also transmitted on the PCell. It would bring some ambiguity issue when the UE misses the DCI scheduling the PUCCH repetitions, but the gNB can anyway avoid such issue by scheduling/configuring the PUCCH repetition only when there is no other PUCCHs without repetition causing such conflict. Actually, if there is any issue identified for the solution of overriding the PUCCH cell pattern for the scheduled/configured PUCCH without repetition, it can also be considered to adopt the alternative that the UE takes such conflict as an error case.
In addition, if the 3rd bullet is adopted, it should be clarified that the PUCCH/PUSCH multiplexing procedure in 9.2.5 and 9.2.6 happens for other PUCCHs without repetition after determining the PCell (which overrides the sSCell indicated by the PUCCH cell pattern).
Based on the discussions above, the proposal is provided.
Proposal: If the 109-e agreement is reverted with the 110 meeting solution, consider the following for the joint operation between PUCCH repetition and semi-static PUCCH cell pattern:
· UE expects that PUCCH with repetitions are always indicated to transmit on PCell
· UE does not expect to be indicated by the semi-static PUCCH cell pattern as sSCell on the slot of the 1st PUCCH repetition
· For PUCCH repetition(s) other than the 1st repetition, UE always transmits the PUCCH repetition on PCell regardless of the indication of the semi-static PUCCH cell pattern
· For another scheduled/configured PUCCH without repetition, consider one of the following:
· Opt1: if it occurs within the same PCell slot with the PUCCH repetition(s) other than the 1st repetition, UE transmits the scheduled/configured PUCCH also on the PCell regardless of the indication of the semi-static PUCCH cell pattern, and the multiplexing in clause 9.2.5 and 9.2.6 in 38.213 happens after determining the PCell
· Opt2: UE does not expect the scheduled/configured PUCCH without repetition occurs within the same PCell slot with the PUCCH repetition(s) other than the 1st repetition if the PCell slot is indicated as sSCell by the semi-static PUCCH cell pattern.
Conclusions
According to the discussions, the following proposal is provided:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal: If the 109-e agreement is reverted with the 110 meeting solution, consider the following for the joint operation between PUCCH repetition and semi-static PUCCH cell pattern:
· UE expects that PUCCH with repetitions are always indicated to transmit on PCell
· UE does not expect to be indicated by the semi-static PUCCH cell pattern as sSCell on the slot of the 1st PUCCH repetition
· For PUCCH repetition(s) other than the 1st repetition, UE always transmits the PUCCH repetition on PCell regardless of the indication of the semi-static PUCCH cell pattern
· For another scheduled/configured PUCCH without repetition, consider one of the following:
· Opt1: if it occurs within the same PCell slot with the PUCCH repetition(s) other than the 1st repetition, UE transmits the scheduled/configured PUCCH also on the PCell regardless of the indication of the semi-static PUCCH cell pattern, and the multiplexing in clause 9.2.5 and 9.2.6 in 38.213 happens after determining the PCell
· Opt2: UE does not expect the scheduled/configured PUCCH without repetition occurs within the same PCell slot with the PUCCH repetition(s) other than the 1st repetition if the PCell slot is indicated as sSCell by the semi-static PUCCH cell pattern.
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